Liquid-vapor equilibrium phase compositions for the binary system normal hydrogen-helium have been determined for 11 isotherms in the range lS.50o-32.50oK and at pressures up to 500 psia. The vapor recirculation method of obtaining equilibrium was used in conjunction with a liquid hydrogen vapor-pressure controlled cryostat. Analyses were made on a mass spectrograph. The results are presented in both tabular and graphical form, and the general behavior of the system discussed. An agreement with some previous investigations is demonstrated, and conflicts in existing data are resolved. Some problems of theoretical correlation of the data are discussed.
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I. INTRODUCTION
T HE liquid-vapor phase equilibrium of the hydrogen-helium system is of interest for a number of reasons. High-pressure gaseous helium is often used in the transfer of liquid hydrogen from storage tanks. The possibility of using hydrogen-helium mixtures in bubble chambers to study the interaction of elementary particles with helium nuclei has also been cited.! Further, the liquid-vapor equilibrium of the two elements with the lowest critical temperatures is of particular interest from a theoretical point of view.
Two previous investigations of liquid-vapor equilibrium in the hydrogen-helium system have been reported, the first of which is a Ph.D. thesis by S. R. Smith 2 conducted at Ohio State University in 1952. Smith reported equilibrium phase compositions at temperatures of 17. 40°, 20.39°, and 21.80 0 K, and for pressures up to 875 psia. His experimental data have been tabulated in two recent publications.
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Recently, Roellig and Giese! reported helium solubility in liquid hydrogen at nine isolated points. They obtained temperature indirectly by calculating the partial pressure of hydrogen from experimentally determined liquid and vapor phase compositions, assuming that Raoult's law is valid for the liquid 'and ideal gas behavior for the vapor.
Comparison of the limited data from these two sources shows poor agreement, especially in the liquid phase, where Roellig and Giese show helium concentrations exceeding those of Smith by as much as a factor of to. Eckert and Prausnitz 5 pointed out that the assumption of ideal behavior in the liquid and vapor phases led to significant errors in the temperatures reported by Roellig and Giese. They recalculated the temperatures using a better model and obtained 50°-32.50 0 K, and at pressures up to 500 psia. Investigation of the system using equilibrium hydrogen instead of normal hydrogen is now in progress. It is anticipated that differences in the results will be measurable but small.
II. EXPERIMENTAL APPARATUS
A vapor-recirculating equilibrium apparatus with a vapor pressure controlled liquid hydrogen bath, based on a design by Dodge and Dunbar, was constructed and used for this work. Samples of the liquid were withdrawn through stainless-steel capillary tubing, while a portion of the equilibrium vapor was isolated in the external portion of the circulation loop and sampled at room temperature. Sample compositions were determined by mass spectrometry.
Equilibrium temperatures were measured with a calibrated platinum resistance thermometer in conjunction with a G-2 Mueller bridge and reflecting galvanometer. Secondary temperatures were measured by gold-cobalt vs copper differential thermocouples referenced to the resistance thermometer. Temperature control to within ±0.005°K or better was maintained at all isotherms except those of 15.50° and 17.07°K, for which the temperature control was ±0.02°K or less.
Equilibrium pressures were measured to within ±0.5 psi by means of a 0-500 psi calibrated 16 in. Heise gauge.
A detailed description of the experimental apparatus will be published elsewhere. 
III. EXPERIMENTAL RESULTS
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MOLE % HELIUM diagrams is given in Fig. 5 , and the equilibrium constants, the ratios of vapor-phase to liquid-phase mole fractions, are shown in Fig. 6 . The behavior of this system is seen to be typical of binary systems in which the critical temperatures of the components are far apart. Similar behavior is exhibited, for example, by the systems nitrogen-hydrogen and nitrogen-helium. The closed loops in Fig. 1 represent temperatures for which the critical point occurs at a pressure below 500 psia. These loops show a region of retrograde condensation of the first type, which is that portion of the loop lying to the right of a vertical line through the critical point. The region in which the liquid lines cross (Figs. 1 and 2) is one of retrograde condensation of the second type. On the T -x diagrams, this appears as a region in which individual liquid lines (isobars) have both a positive and a negative slope. This region is seen to be restricted to helium concentrations of 4% or less, and to pressures below about 230 psia. Over most of the range covered in this study, the data exhibit reverse order solubility, which is defined as an increase in solubility of a constituent with increasing temperature at constant pressure.
The critical curve locus indicated in Figs. 1, 3 , and 5 has been estimated from a study of the trend of the data on P-x, T -x, and P-T plots. The loops at 31.00° and 31.50 0 K were almost completely closed with experimental data points, which served to define the shape of loops at nearby temperatures. The critical curve obtained from this diagram was cross plotted on T -x and P-T diagrams and found to be consistent with the data as it appears on those diagrams. On the P-T plot, this critical curve or envelope is tangent to each of the curves of constant composition, with the point 100 of tangency representing the junction of the dew-and bubble-point curves for that composition. in the present work, enabling a direct comparison to be made, and agreement is seen to be quite good. For the comparison with Smith's data at 17.4° and 21.8°K, isotherms from the present data were obtained by interpolation on a large-scale T -x diagram. The agreement for these isotherms is poorer than that at the normal boiling point 20.4 oK. While there is considerable scatter in Smith's data, a smooth curve through his points appears to agree with this work if his temperatures are adjusted downward by about O.S°K. His temperatures may well be in error by this amount since they were measured with a single copper-constantan thermocouple referenced in an ice bath. Corruccini 6 has analyzed Smith's data by several qualitative methods and concluded that the data are not particularly consistent.
Several of the isolated points of Roellig and Giese have been plotted in Figs. 7 and 8, using the corrected temperatures of Eckert and Prausnitz. 5 The agreement with this work is uniformly good for the vapor phase. In the liquid phase, agreement is fair at temperatures around 26°K, while at lower temperatures Roellig and Giese show unusually large helium concentrations, some of which fall outside the limits of Fig. 7 . Corruccini has also concluded that this behavior cannot be correct. a. .. 
